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Cardiovascular effects of dobutamine stress
testing in women with suspected coronary artery
disease

Peter Blomstrand, Jan Engvall, Eva Swahn, Kage Safstr6m, Olav Thulesius,
Bengt Wranne

Abstract
Objective-To investigate the central and
peripheral haemodynamic response to
dobutamine stress testing in women with
suspected ischaemic heart disease and to
seek an explanation for the hypotension
phenomenon.
Design-18 women aged 54-73 years were
investigated with Doppler echocardiogra-
phy and venous occlusion plethysmogra-
phy during intravenous infusion of
dobutamine 5-10 d after an episode of
unstable angina.
Results-An average peak dose of 33 (SD
9.7) ug/kg/min was given. Heart rate and
cardiac output increased by 49% and 59%,
respectively (P < 0.001). Total and leg
peripheral vascular resistance decreased
by 44% and 26%, respectively (P < 0.001).
Four patients developed hypotension
(decrease in systolic blood pressure > 10
mm Hg), one of whom had a paradoxical
bradycardia and two a low increase in
cardiac output. Patients with hypotension
had a more pronounced decrease in total
peripheral vascular resistance but a simi-
lar change in leg peripheral vascular
resistance compared with patients with-
out hypotension.
Conclusions-Dobutamine infusion leads
to marked peripheral vasodilatation and
an increase in cardiac output. Some
patients experience hypotension during
the test for reasons which include para-
doxical vasovagal reactions and dimin-
ished capacity for adequate increase in
cardiac output. There is also a disparity
between the pattern of total and leg
peripheral vascular resistance in patients
with hypotension which might reflect a
baroreceptor mediated compensatory
increase in vasoconstrictor tone ofmuscle
vessels not matched in other vascular ter-
ritories.
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Dobutamine stress echocardiography has been
used with increasing frequency as a method
for detecting coronary artery disease.12 Some
groups have reported a fall in systolic blood
pressure during the test.3-5 Whereas exercise
induced hypotension has been recognised as

an indicator of severe coronary artery disease,6

hypotension during dobutamine stress testing
is not associated with advanced coronary dis-
ease or an adverse prognosis.4 The cause of
hypotension is unclear, but myocardial
ischaemia, valvar obstructive disease, obstruc-
tive cardiomyopathy, and vasovagal reflexes
have been mentioned as possible mecha-
nisms.35 Furthermore, an increased incidence
of hypotension has been reported in older
patients, women, and patients not on ,B block-
ers.5 Dobutamine is a synthetic catecholamine
which stimulates postsynaptic a and ,B recep-
tors of the cardiovascular system. The pre-
dominant postsynaptic adrenoreceptor of the
heart is of the f3 subtype which mediates a
positive inotropic and chronotropic effect.
Postsynaptic a, and P2 receptors of peripheral
vessels mediate vasoconstriction and vasodi-
latation respectively. Dobutamine infusion
leads to a complex haemodynamic alteration
since it directly stimulates the adrenoreceptors
of the heart and the vascular bed but also indi-
rectly acts on the cardiovascular system
through reflex inhibition of sympathetic tone
and vasovagal reactions. In a previous study
we investigated the haemodynamic response
to dobutamine in healthy women and found a
marked increase in heart rate and cardiac out-
put and a marked decrease in peripheral vas-
cular resistance.7 The cardiovascular response
was dose and age dependent and hypotension
was uncommon. However, studies in patients
are lacking.
The aim of our present study was to investi-

gate the central and peripheral haemodynamic
alterations during dobutamine stress testing
with blood pressure measurement, Doppler,
echocardiography, and venous occlusion
plethysmography in a group of women with
objective signs of coronary artery disease.

Patients
PATIENTS
Eighteen women with a mean age of 65 years
(range 54-73), weight 73 (SD 16) kg, and
height 162 (4) cm were investigated as part of a
prospective study of ischaemia and risk indica-
tors in unstable coronary artery disease in
women (IRIS). Postmnenopausal women
admitted to the coronary care unit with unsta-
ble coronary artery disease, that is, new onset
or progressive angina pectoris, angina at rest,
and occurrence of ST depression () 0 1 mV)
or development of non-Q-wave myocardial
infarction (T wave inversion by > 0 1 mV),
were included in the study. Dobutamine
echocardiography was performed 5-10 d after
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an unstable episode. At time of the investiga-
tions, all patients were in sinus rhythm and
clinically stable. None had undergone coro-
nary artery bypass surgery or showed signs of
aortic valvular disease. The electrocardiogram
showed no signs of left ventricular hypertro-
phy or left bundle branch block. Patients with
intermittent claudication and a low systolic
ankle blood pressure or a history of arrhyth-
mias such as atrial fibrillation, supraventricular
tachycardia, or multiple ventricular beats at
rest were excluded. All patients were on med-
ical treatment, 16 receiving selective ,B, blocking
agents and one an unselective ,B blocker. Five
were treated with calcium antagonists, four
with long acting nitrates, two with diuretics,
and two with angiotensin converting enzyme
(ACE) inhibitors. To avoid dehydration the
patients did not fast before the test.
The protocol was approved by the ethics

committee of Link6ping University Hospital
and informed consent was obtained from all
patients.

DOBUTAMINE INFUSION PROTOCOL
Dobutamine was given intravenously begin-
ning at a dose of 5 pg/kg body weight per
minute and increased in steps every sixth
minute to 10, 20, 30, and 40 ug/kg/min. The
protocol was identical to that used in a previ-
ously reported study of healthy women, and 6
min steps were used because of the extensive
study protocol.7 A 12-lead electrocardiogram
was continuously recorded before the dobuta-
mine infusion, throughout the infusion, and
up to 6 min after it was discontinued. Blood
pressure was determined by the auscultatory
method at rest, during the infusion (at 2 min
intervals), and 2, 4, and 6 min after the test.
Mean arterial blood pressure was calculated as
diastolic pressure + one third of the pulse
pressure. Preset criteria for interruption of
infusion before peak dose was reached were:
(1) > 4 mm ST segment depression on the
electrocardiogram in a lead with normal ST
segment at rest, (2) significant side effects or
arrhythmias, (3) achievement of 85% of the
age predicted maximum heart rate (220 minus
age), (4) stress induced wall motion abnormal-
ities involving two or more segments, (5)
strong chest pain, (6) decrease in systolic
blood pressure of > 20 mm Hg.

ECHOCARDIOGRAPHY
Cross sectional echocardiography was per-
formed with the subjects in the left recumbent
position at rest and during the dobutamine
infusion, using six standard views (apical two,
three, and four chamber views, parastemal
long axis, and short axis views at papillary
muscle and chorda level).8 Images were
obtained using a combined 3-25 MHz cross
sectional imaging and 2.5 MHz pulsed
Doppler device (Vingmed CFM 800,
Vingmed Sound). The recordings were stored
on video tapes, optical discs, and paper print-
outs. The electrocardiographic chest elec-
trodes were positioned so as not to cover the
marked site for the echo acoustic window.
Stroke volume was determined as the product

of the subaortic flow area and the temporal
velocity profile in the left ventricular outflow
tract.9 The subvalvar aortic diameter was mea-
sured in the parastemal long axis view before
the infusion and at peak dose of dobutamine
and calculated as the mean of two measure-
ments. The flow velocity was measured with
pulsed wave Doppler with the sample volume
placed in the middle of the left ventricular out-
flow tract in the apical five chamber view at
rest and at peak dose dobutamine and calcu-
lated as mean of three measurements. The
coefficient of variation in measuring the
subaortic area is 4% at our department.'0 The
interobserver variability in determination of
subvalvar flow velocity integral is 2-4 (SD
1-5)%.9 Cardiac output was derived using the
formula: left ventricular outflow tract cross
sectional area x flow velocity integral x heart
rate. Total peripheral vascular resistance was
calculated as mean arterial blood pressure
divided by cardiac output.
The cross sectional recordings were

analysed independently by two observers, hav-
ing several years of experience with stress
echocardiography. The left ventricle was
divided into 16 segments for analysis and the
wall motion of each segment was classified
according to a six grade scale: 0 = not visu-
alised, 1 = normal, 2 = hypokinesia, 3 =
akinesia, 4 = dyskinesia, and 5 = aneurysm.8
Echocardiograms were interpreted without
knowledge of clinical data or coronary angio-
graphic findings. When there was a disagree-
ment about the result, the two observers
together reviewed the study and reached a
consensus on the grading. The interobserver
agreement with regard to segmental analysis
was 83%. A wall motion index was derived
representing the sum of all scores divided by
the number of segments visualised in each
patient.

VENOUS OCCLUSION PLETHYSMOGRAPHY
Plethysmographic recordings were obtained
from the right leg with the subjects lying on
the left side. The right leg was slightly ele-
vated, supported with pillows at knee and
ankle level and raised approximately 100 above
the horizontal level. A mercury-in-silastic
strain gauge plethysmograph (Medimatic SP2)
was used with a thin tubing placed around the
right calf where the circumference was largest.
An 8 cm wide blood pressure cuff was applied
on the distal part of the thigh, proximal to the
knee, and the venous outflow from the calf
was occluded with a pressure of 80 mm Hg for
a period of 10 s. During venous occlusion, the
arterial flow into the calf produced swelling of
the leg, stretching of the gauge, and increased
electrical resistance proportional to the
increase in calf volume. From changes of calf
circumference per unit time, muscle blood
flow can be calculated and expressed as
ml/min/litre tissue."I Recordings were obtained
three to five times at rest and three times at
peak dose dobutamine infusion. The coeffi-
cient of variation in leg flow measurement was
16%. Peripheral leg blood flow resistance was
calculated as mean arterial pressure divided by
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Table 1 Haemodynamic variables at rest and during dobutamine infusion

Rest Peak dose P

Heart rate (beats/min) 61 (8) 91 (13) 0-001
Systolic blood pressure (mm Hg) 131 (22) 131 (29) NS
Diastolic blood pressure (mm Hg) 69 (9) 53 (18) 0-001
Wall motion index 1-34 (0 40) 1-24 (0 35) 0-01
V,,,LVoT (m/s) 1-0 (0-1) 1-5 (0 4) 0-001
VTILVoT (cm) 22-4 (2 5) 25-6 (4-1) 0-01
Stroke volume (ml) 70 (13) 75 (15) NS
Cardiac output (litre/min) 4-2 (0 8) 6-7 (1-5) 0-001
TPR (mm Hg/litre/min) 21-7 (3 7) 12-1 (2 5) 0-001
Leg flow (ml/min/litre tissue) 11-7 (3-2) 14-6 (5 4) 0 05
LPR (mm Hg/ml/min/litre tissue) 8-4 (2 3) 6-2 (2 3) 0-001

Data means (SD). Rest, preinfusion level; leg flow, blood flow in the right leg; LPR, leg periph-
eral vascular resistance; LVOT, left ventricular outflow tract; TPR, total peripheral vascular
resistance; V,,,, maxiumum systolic blood flow velocity; VTI, systolic blood flow velocity time
integral; wall motion index, the sum of all left ventricular segmental wall motion scores divided by
the number of segments visualised.

blood flow and expressed in peripheral resis-
tance units as mm Hg/ml/min/litre tissue.12

CORONARY ANGIOGRAPHY
Coronary angiography was performed 50 to
70 d after inclusion in all patients but one.
The coronary arteries were visualised in mul-
tiple projections using a Siemens VACI
Digitron 3. Coronary artery disease was con-
sidered significant if a 50% or more reduction
in luminary diameter of a major epicardial
coronary artery was present when analysed
visually. Four patients had a coronary
angiogram without significant coronary
lesions, five had one vessel disease, seven two
vessel disease, and one three vessel disease.

STATISTICS
Height, weight, heart rate, blood pressure,
and echocardiographic and plethysmographic
results are given as mean (SD). The change in
haemodynamic variables during dobutamine
infusion were analysed using the paired t test.
The difference in haemodynamic variables
between the patients in the present study and
the healthy women in the study of Blomstrand

Table 2 Background data and haemodynamic variables in patients developing
hypotension during dobutamine infusion

Patient

1 2 3 4

Age (years) 66 62 72 74
Weight (kg) 102 66 84 55
Peak dose (ug/kg/min) 40 40 30 40
No of obstructed vessels 3 0 1 2

Medical treatment
/1 Blocker Yes Yes Yes Yes
Calcium antagonist Yes No No No
Long acting nitrate Yes Yes No No
Diuretic Yes No No No
ACE inhibitor No No No No

Haemodynamic alterations (restlpeak dose)
Heart rate (beats/min) 64/69 59/93 59/86 66/90
Systolic blood pressure (mm Hg) 145/105 130/115 130/80 170/145
Diastolic blood pressure (mm Hg) 90/60 65/40 75/60 75/50
Wall motion index 1-25/119 1-00/1 00 1 87/1-67 1-56/1 50
Vm,,LVOT (m/S) 1 0/1-2 0-9/1-41 1-0/1-4 1-0/2-0
Stroke volume (ml) 88/106 50/49 712/55 55/89
Cardiac output (litre/min) 6-6/7 3 3-0/4 6 4 2/4 8 3 6/8 0
TPR (mm Hg/litre/min) 19-2/10-3 29-3/14-2 18-7/13-6 29-3/10 1
Leg flow (ml/minAlitre tissue) 18-0/10-1 17-4/15 8 8-6/8-6 11-5/9-6
LPR (mm Hg/ml/min/litre tissue) 6 0/7 4 5-3/4-1 11-4/8-1 13-0/8-5

The haemodynamic variables are at rest, before the infusion, and at peak dose dobutamine infu-
sion.
Rest, preinfusion level; leg flow, blood flow in the right leg; LPR, leg peripheral vascular resistance;
LVOT, left ventricular outflow tract; TPR, total peripheral vascular resistance; V,,,,, maxiumum
systolic blood flow velocity; wall motion index, the sum of all left ventricular segmental wall
motion scores divided by the number of segments visualised.

et al,7 the difference between patients with wall
motion index >i 1-25 and < 1-25, and differ-
ence between patients with and without
hypotension during dobutamine infusion were
analysed using the unpaired t test. Two sided
tests were used throughout.

Results
No complications were seen in connection
with the tests. An average peak dose of dobut-
amine of 33 (9.7) ug/kg/min was given. The
test was terminated at a peak dose of
10 4ug/kg/min in one patient, 20 jig/kg/min in
three, 30 ,ug/kg/min in three, and 40 ,ug/kg/min
in 11. The test was interrupted because the
maximum dose was reached in 10 patients,
because of arrhythmias in two (ventricular
arrhythmia in one and sinus arrhythmia with
bradycardia and hypotension in one), discom-
fort in two (dyspnoea), decrease in systolic
blood pressure in one, new wall motion abnor-
malities in one, ST depression in one, and
angina in one. Occasional supraventricular
and ventricular beats were recorded in another
four subjects.

CENTRAL AND PERIPHERAL CIRCULATION
The heart rate increased from 61 (8) beats/
min at rest to 91 (13) at peak dose dobuta-
mine (P < 0-001) (table 1). Systolic blood
pressure in the group as a whole was
unchanged but diastolic blood pressure
decreased from 69 (9) mm Hg at rest to 53
(18) mm Hg at peak dose (P < 0-001). There
was no significant change in stroke volume: 70
(13) ml before the infusion and 75 (15) ml at
peak dose of dobutamine. However, because
of the increase in heart rate (61-91 beats/min),
cardiac output increased from 4-2 (0 8)
litres/min at rest to 6-7 (1-5) at peak dose (P <
0-001). Total peripheral vascular resistance
decreased by 44%. Leg blood flow increased
by 25% and leg peripheral vascular resistance
decreased by 26%. A dynamic obstruction
during the infusion, defined as a late peaking
left ventricular outflow tract velocity that
exceeded the velocity before the infusion by at
least 1 m/s,3 was not seen in any patient.

Left ventricular wall motion abnormalities
were present in 16 patients before the test.
New or worsened wall motion abnormalities
during dobutamine infusion were only seen in
four patients, and left ventricular function, as
expressed by wall motion index, improved in
most patients. To investigate the influence of
left ventricular systolic function on the haemo-
dynamic alterations during dobutamine infu-
sion, patients with a wall motion index of
,> 125 (n = 8) at rest were compared with
patients with an index of < 1-25 (n = 10).
Patients with a wall motion index > 1 25 had a
lower increase in systolic subvalvular flow
velocity, + 0.4 (0 3) v + 0 7 (0 3) m/s (P <
0 05), a tendency towards a lower increase in
heart rate [+ 22 (17) v + 35 (14) beats/min]
(P < 0.1), and a tendency towards a decrease
in systolic blood pressure [- 11 (27) mm Hg,
compared with an increase of + 8 (17) mm Hg
(P < 0 1) in patients with an index of < 1 25].
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Table 3 Comparison of 18 patients from the present study with 11 healthy women

Patient Healthy women
n = 18 n = 11 P

Age (years) 65 (6) 63 (6) NS
Weight (kg) 73 (16) 61 (8) 0 05
Peak dose (g/kg/min) 33 (9 7) 22 (7 5) 0 01
AHeart rate (beats/min) 29 (16) 47 (18) 0 05
ASystolic blood pressure (mm Hg) 0 (23) 7 (13) NS
ADiastolic blood pressure (mm Hg) - 16 (11) - 15 (14) NS
AV,,,_LVOT (mis) 0 6 (0-3) 0 9 (0 3) 0 01
AVTILVoT (cm) 3 4 (4-0) 5 4 (4-0) NS
AStroke volume (ml) 5 (15) 10 (11) NS
ACardiac output (litre/min) 2 5 (1-5) 4 1 (1 9) 0 05
ATPR (mm Hg/litre/min) -10 6 (4 5) -10 8 (6 6) NS
ALeg flow (ml/min/litre tissue) 3 1 (5-5) 8 1 (7 0) 0 05
ALPR (mm Hg/ml/min/litre tissue) -2 2 (2-1) -2 4 (1-7) NS

Comparison of the patients in the present study and 11 healthy middle aged womer
means (SD). A, mean value at peak dose dobutamine minus rest (preinfusion) value; 1
blood flow in the right leg; LPR, leg peripheral vascular resistance; LVOT, left ventricular
tract; TPR, total peripheral vascular resistance; V,,,_, maxiumum systolic blood flow N

VTI, systolic blood flow velocity time integral.

HYPOTENSION
Four patients showed hypotension, define
drop in systolic blood pressure of > 10 m
on two subsequent recordings at peak
dobutamine compared with rest (table 2'
The first woman was obese. She had

motion index of 1 25 and no new wall n
abnormalities during the test. Coi
angiography showed three vessel diseas
she was treated with a /,3 blocking agent,
cium antagonist, long acting nitrates
diuretics. She received a peak do
40 ,ug/kg/min but had a very low incre
heart rate (+ 5 beats/min) and cardiac c
(+ 0-7 litres/min) despite a reduced
peripheral vascular resistance of 46%.
The second patient had normal coI

angiography, normal wall motion at res
no signs of ischaemia during dobutamint
sion. Her change in heart rate, cardiac o
and peripheral vascular resistance did not
from the other patients.
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The third woman had severe left ventricular
systolic dysfunction with a wall motion index
of 1 87 at rest, but only one vessel disease on
coronary angiography. She received a peak
dose of 30,g/kg/min, developed new wall
motion abnormalities, and had a very low
increase in cardiac output of + 0 5 litre/min.
The fourth patient had impaired left ven-

tricular function, a wall motion index of 1-56
at rest, and two vessel disease including a
proximal obstruction on the left anterior
descending coronary artery. She received a
peak dobutamine dose of 40 pg/kg/min and
developed new wall motion abnormalities and a
paradoxical decrease in heart rate from 103
beats/min to 76 beats/min at peak dose, just
before the infusion was stopped.

These four patients had a more pronounced
decrease in total peripheral vascular resistance,
- 14-9 (4-4) mm Hg/litre/min, compared with
-9 3 (3 9) mm Hg/litre/min in the other
patients (P < 0 05). Conversely, leg blood flow
tended to decrease during dobutamine infu-
sion in the hypotension group, at - 2-8 (3 5)
ml/min/litre tissue compared with an increase
of + 4-8 (4 8) in the other patients (P < 0 01),
and there was no difference in leg peripheral
vascular resistance between the groups.

,se ot COMPARISON WITH HEALTHY WOMEN
ase in In a previous study we investigated the haemo-
)utput dynamic response to dobutamine in 11 healthy
total women of comparable age to the patients in

the present study.7 The patients in our present
ronary study received a higher peak dose of dobuta-
,t, and mine, 33 (9 7) gg/kg/min compared with 22
e infu- (7.5) ug/kg/min in the normal subjects (P <
utput, 0 01), but heart rate, maximum systolic blood
t differ flow velocity in the left ventricle outflow tract,

cardiac output, and leg blood flow increased
less in the patients compared with the healthy
subjects (table 3) (figure). There was no dif-
ference in change of vascular resistance
between the groups. Hypotension was seen in
four out of 18 patients in the present study
compared with one of 11 normal subjects.

Discussion
Hypotension was common in the present
study (22%) and of the same magnitude as
reported in another recent study (20%) of
Marcovitz et al.5 Rosamond et al4 found a
hypotensive response in as many as 38% com-
pared with only 9% in a study of healthy sub-
jects previously published. However, the
difference in the numbers of patients develop-
ing hypotension between these four studies is
not significant.457 Marcovitz et al also reported
an increased incidence of hypotension in older
patients, women, and patients without /3

Sta blocker treatment.5 Dobutamine infusion
leads to complex haemodynamic alterations,
and patients with a hypotensive reaction dur-
ing the test are a heterogeneous group. We

he left shall therefore discuss the haemodynamic
)w) in alterations to dobutamine and different possi-
)eans, ble mechanisms of hypotension separately.).The /3 Blocker treatment blunts the effects of

dobutamine, especially the /,3 mediated
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inotropic and chronotropic effects on the
heart. Non-selective ,B blockers also negate the
/2 mediated vasodilatation. This is probably
the reason why hypotension is less common in
patients with blocker treatment and why our
patients had a lower increase in heart rate and
cardiac output compared with the healthy sub-
jects, despite the fact that they received a

higher peak dose of dobutamine.7
Elderly patients have diminished cardiovas-

cular reflex responses and a reduced capacity
to compensate adequately for changes in
blood pressure, vascular resistance, and capac-
itance, and this might explain why hypoten-
sion is more common in them.'3 It is also
possible that control of blood pressure and the
capacity to compensate for the haemodynamic
changes induced by dobutamine are superior
in healthy subjects compared with patients
with atherosclerosis, coronary artery disease,
and impaired left ventricular function. An
imbalance between changes in cardiac output
and peripheral vascular resistance during
dobutamine infusion could explain the
hypotensive reaction seen in two patients
(RH-26, AC-20) in the present study. The lat-
ter patient (AC-20) had severe left ventricular
dysfunction and developed new wall motion
abnormalities which could explain her blunted
increase in cardiac output. There was also a

tendency towards a more blunted change in
systolic blood pressure in patients with a wall
motion index of > 1 25 than in patients with a

wall motion index of < 1 25. Marcovitz et al
proposed that myocardial ischaemia during
dobutamine infusion may lead to a gradual
onset of hypotension.5 However, in our study
hypotension was not strongly associated with
extensive wall motion abnormalities at rest or

new wall motion abnormalities during dobuta-
mine infusion.

Left ventricular function, as expressed by
wall motion index, improved in most patients
and this may appear paradoxical but can be
explained on the basis of recruitment of areas

with stunned or hibernated myocardium dur-
ing dobutamine stimulation. It has been
shown that the addition of atropine at peak
dose dobutamine enhances the sensitivity of
dobutamine stress echocardiography and it
would probably have increased the number of
patients with new or worsening of wall motion
abnormalities in our study.'4

Pellikka et al proposed that cavity oblitera-
tion was common in patients with a good left
ventricular function and, in combination with
mild dehydration, might be the cause of
hypotension in patients with a very hyper-
kinetic left ventricle and without significant
coronary artery disease.' This is in line with
our results; two healthy women developed an
outflow obstruction in our previous study but
no cavity obliteration was seen in the present
study.7

It has been suggested that hypotension
might be caused by the vasodilating effects of
dobutamine.' Dobutamine has a direct effect
on arterial and venous tone, and also an indi-
rect effect through reflectory withdrawal of
sympathetic vasoconstrictor tone secondary to

the increase in cardiac output.15 16 A decrease
in systemic vascular resistance of 30-40% dur-
ing dobutamine infusion has been reported in
patients.1 In the present study we found a
decrease of 44% in total peripheral vascular
resistance and 26% in leg peripheral vascular
resistance. We found a more pronounced
decrease in total peripheral vascular resistance
in patients with hypotension compared with
those without hypotension. Furthermore, in
the hypotensive patients we noted a disparity
between the pattern of total and leg peripheral
vascular resistance. While total peripheral vas-
cular resistance declined markedly, there was a
decline in leg blood flow, consistent with vaso-
constriction in muscle vessels. This reaction
obviously reflects a baroreceptor mediated
compensatory reaction not matched by reduc-
tion in other vascular territories.'7
One patient in the present study (AN-18)

developed a paradoxical bradycardia and a
decrease in blood pressure at peak dose dobut-
amine. Exogenous catecholamine infusion
during upright tilt testing has been used to
elicit vasovagal reactions with symptomatic
hypotension and bradycardia in patients with
recurrent syncope of unknown origin.'8
Mazeika et al found a paradoxical hypoten-
sion-bradycardia in seven of 50 patients
undergoing dobutamine echocardiography."9
Vasovagal reactions could therefore be one
explanation for the hypotension.

LIMITATIONS OF THE STUDY
Calculating mean arterial blood pressure as
diastolic pressure + one third of the pulse
pressure might underestimate the mean arter-
ial blood pressure when heart rate and pulse
pressure increases during dobutamine infu-
sion. This could result in an overestimation of
the decrease in peripheral vascular resistance.
However, the change in pulse pressure was
rather low compared to changes in flow so this
possible error is of minor importance. Invasive
blood pressure and cardiac output measure-
ments would have been of advantage but were
deemed unethical to use. Medical treatment
could not be standardised because of different
needs and contraindications in different
patients. Withdrawal of antianginal treatment
before a stress test is considered unethical in
this group of patients in Sweden.

CONCLUSIONS
Dobutamine stress testing causes marked
peripheral vasodilatation and increased car-
diac output, but the changes are blunted in
patients on ,B blockers compared with healthy
subjects. Hypotension is a common side effect
of dobutamine in investigations on patients,
the cause of which is probably multifactorial,
including paradoxical vasovagal reactions and
diminished capability to increase cardiac out-
put adequately. Furthermore, there is a dispar-
ity between the pattern of total and leg
peripheral vascular resistance in patients with
hypotension which might reflect a barorecep-
tor mediated compensatory increase in vaso-
constrictor tone of muscle vessels not matched
in other vascular territories. This is the first
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study which provides a detailed central and
peripheral haemodynamic analysis of the
dobutamine stress test in women with coro-
nary artery disease.
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